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(57) ABSTRACT

A light-mixing type LED package structure for increasing
color render index includes a substrate unit, a light-emitting
unit, a frame unit and a package unit. The light-emitting unit
has a first light-emitting module for generating a first color
temperature and a second light-emitting module for generat-
ing a second color temperature. The frame unit has two annu-
lar resin frames surroundingly formed on the top surface of
the substrate unit by coating. The two annular resin frames
respectively surround the first light-emitting module and the
second light-emitting module in order to form two resin posi-
tion limiting spaces above the substrate unit. The package unit
has a first translucent package resin body and a second trans-
lucent package resin body both disposed on the substrate unit
and respective covering the first light-emitting module and
the second light-emitting module.

10 Claims, 7 Drawing Sheets




U.S. Patent Jul. 10, 2012

Sheet 1 of 7 US 8,217,404 B2
4 2a
—A A
40a 40b 20a
N Ly
\ \ V]
X T TTELLLDD
S S 1=
9e0,0:0 0 4 N
SRR SEesdpcseteat | 10
(REERERESIRKKIKKAN [~ |
AAAAAAAAAAAAAAA | BSOS ) -11 >1
M
1
\ —— 7 “‘é .!
—102
40b 40a 101




U.S. Patent

30~

30—~

Jul. 10, 2012 Sheet 2 of 7 US 8,217,404 B2
40a 40b  '20a
AN ST
I

XK XX XX XXX
SRR

—N2

M
—M
40b N2 NI




U.S. Patent

Jul. 10, 2012

Sheet 3 of 7

30~

30—

AT
CRAR

NSNS

K0

S

K 61:’\\;\
RERAXE

R

’&0

N

X X XX

RRIRIRRILIRRIRXK
AP N
SRR SREEEBLRES R

-00:“;’:900"0"04»0’9000z’:
et e

¢¢¢¢1 AVAVLVAVAVAVAN
OO0
KK XX] 2 X

d

US 8,217,404 B2



U.S. Patent Jul. 10, 2012 Sheet 4 of 7 US 8,217,404 B2

B3 B2

FIG. 4A

L
Al




US 8,217,404 B2

Sheet S of 7

Jul. 10, 2012

U.S. Patent




U.S. Patent Jul. 10, 2012 Sheet 6 of 7 US 8,217,404 B2

_~
\
|
|
|
|
|
|
]
/
~_ -~
O |
T~ —
=

=
[
5
g]|
Mo
z]|
i
=]
[l
7]
s
g]|
Mo
7|
(iR
7|
[
5|
s
7|
[
o]
h

[

_U
|
[
[
]
[
ij
[
i
=
oll
[
i
=
i
=
all
=
ij
[E
i
[
m




U.S. Patent Jul. 10, 2012 Sheet 7 of 7 US 8,217,404 B2

w\_/‘\\J:D:D:D:D:D:D:D:D:D:I‘,

p H7—_| =l (=D (e (o2 (=2 (=2 (=2 |[=he (=2 (|=he
! 20a =
+ 20— —— —
P N\ "

7 e (e =2 (e ED (e ||eED ||e e || ||E e ||E D || e

w \/ f: o =1 o =l o =l o =l o = o — o — o =l o=l

W S 203.
P /S
| { | | }/ . |
A B b



US 8,217,404 B2

1
LIGHT-MIXING TYPE LED PACKAGE
STRUCTURE FOR INCREASING COLOR
RENDER INDEX

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light-mixing type LED
package structure, and more particularly, to a light-mixing
type LED package structure for increasing color render index.

2. Description of Related Art

The invention of the lamp greatly changed the style of
building construction and the living style of human beings,
allowing people to work during the night. Without the inven-
tion of the lamp, we may stay in the living conditions of
ancient civilizations.

Various lamps such as incandescent bulbs, fluorescent
bulbs, power-saving bulbs and etc. have been intensively used
for indoor illumination. These lamps commonly have the
disadvantages of quick attenuation, high power consumption,
high heat generation, short working life, high fragility, and
being not recyclable. Further, the rapid flow of electrons
(about 120 per second) through the electrodes of a regular
fluorescent bulb causes an unstable current at the onset of
lighting a fluorescent bulb, resulting in a flash of light that is
harmful to the sight of the eyes. In order to eliminate this
problem, a high frequency electronic ballast may be used.
When a fluorescent or power-saving bulb is used with high
frequency electronic ballast, it saves about 20% of the con-
sumption of power and eliminates the problem of flashing.
However, the high frequency electronic ballast is not detach-
able when installed in a fluorescent or power-saving bulb, the
whole lamp assembly becomes useless if the bulb is damaged.
Furthermore, because a fluorescent bulb contains a mercury
coating, it may cause pollution to the environment when
thrown away after damage. Hence, LED lamp or LED tube is
created in order to solve the above-mentioned questions of the
prior lamp.

SUMMARY OF THE INVENTION

In view of the aforementioned issues, the present invention
provides a light-mixing type LED package structure for
increasing color render index. The present invention provides
an LED module with high color temperature and an LED
module with low color temperature connected each other in
parallel in order to create the light-mixing type LED package
structure with high color render index.

Moreover, the present invention can form an annular resin
frame (such as an annular white resin frame) with any shapes
by coating method. In addition, the position of a translucent
package resin body such as phosphor resin can be limited in
the resin position limiting space by using the annular resin
frame, and the shape of the translucent package resin body
can be adjusted by using the annular resin frame. Therefore,
the present invention can apply to increase light-emitting
efficiency of LED chips and control light-projecting angle of
LED chips.

To achieve the above-mentioned objectives, the present
invention provides a light-mixing type LED package struc-
ture for increasing color render index, including: a substrate
unit, a light-emitting unit, a frame unit and a package unit.
The substrate unit has at least one substrate body and at least
two chip-placing areas formed on the at least one substrate
body. The light-emitting unit has at least one first light-emit-
ting module for generating a first color temperature and at
least one second light-emitting module for generating a sec-
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ond color temperature. The at least one first light-emitting
module has a plurality of first light-emitting chips electrically
disposed on one of the chip-placing areas of the substrate unit,
and the at least one second light-emitting module has a plu-
rality of second light-emitting chips electrically disposed on
the other chip-placing area of the substrate unit. The frame
unit has at least two annular resin frames surroundingly
formed on a top surface of the substrate body by coating. The
at least two annular resin frames respectively surround the at
least one first light-emitting module and the at least one
second light-emitting module in order to form at least two
resin position limiting spaces above the substrate body. The
package unit has at least one first translucent package resin
body and at least one second translucent package resin body
both disposed on the substrate body and respectively covering
the at least one first light-emitting module and the at least one
second light-emitting module. The at least one first translu-
cent package resin body and the at least one second translu-
cent package resin body are limited in the at least two resin
position limiting spaces.

Hence, one light-emitting module with high color tempera-
ture and another light-emitting module with low color tem-
perature both are connected each other in parallel to form two
light-emitting bars abutted against each other in order to
create the light-mixing type LED package structure with high
color render index.

Furthermore, the translucent package resin body is limited
in the resin position limiting space by using the annular resin
frame in order to control the usage quantity of the translucent
package resin body. In addition, the surface shape and the
height of the translucent package resin body can be adjusted
by control the usage quantity of the translucent package resin
body in order to adjust light-projecting angles of the white
light beams. Moreover, the blue light beams generated by the
LED chips can be reflected by an inner wall of the annular
resin frame in order to increase the light-emitting efficiency
of'the LED package structure of the present invention.

In order to further understand the techniques, means and
effects the present invention takes for achieving the pre-
scribed objectives, the following detailed descriptions and
appended drawings are hereby referred, such that, through
which, the purposes, features and aspects of the present
invention can be thoroughly and concretely appreciated;
however, the appended drawings are provided solely for ref-
erence and illustration, without any intention that they be
used for limiting the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a top, schematic view of the light-mixing type
LED package structure according to the first embodiment of
the present invention;

FIG. 1B is a lateral, cross-sectional, schematic view of the
light-mixing type LED package structure according to the
first embodiment of the present invention;

FIG. 2A is a top, schematic view of the light-mixing type
LED package structure according to the second embodiment
of the present invention;

FIG. 2B is a lateral, cross-sectional, schematic view of the
light-mixing type LED package structure according to the
second embodiment of the present invention;

FIG. 3A is a top, schematic view of the light-mixing type
LED package structure according to the third embodiment of
the present invention;

FIG. 3B is a lateral, cross-sectional, schematic view of the
light-mixing type LED package structure according to the
third embodiment of the present invention;
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FIG. 4A is an exploded, schematic view of the conductive
unit of the substrate body according to the present invention;

FIG. 4B is an assembled, schematic view of the conductive
unit of the substrate body according to the present invention;

FIG. 4C is an enlarged view of the X part showing a first
type of wire bonding method in FIG. 4B;

FIG. 4D is an enlarged view of the X part showing a second
type of wire bonding method in FIG. 4B; and

FIG. 4E is a lateral, schematic view of the second type of
wire bonding method according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 1A and 1B, the first embodiment of the
present invention provides a light-mixing type LED package
structure M for increasing color render index, including: a
substrate unit 1, a light-emitting unit, a frame unit 3 and a
package unit 4.

The substrate unit 1 has at least one substrate body 10 and
at least two chip-placing areas 11 formed on the at least one
substrate body 10. In addition, the substrate body 10 has a
circuit substrate 100, a heat-dissipating layer 101 disposed on
a bottom surface of the circuit substrate 100, a plurality con-
ductive pads 102 disposed on a top surface of the circuit
substrate 100, and an insulative layer 103 disposed on the top
surface of the circuit substrate 100 in order to expose the
conductive pads 102. Hence, the heat-dissipating efficiency
of the circuit substrate 100 is increased by using the heat-
dissipating layer 101, and the insulative layer 103 is a solder
mask for exposing the conductive pads 102 only in order to
achieve local soldering. However, the above-mentioned defi-
nition of the substrate body 10 does not limit the present
invention. Any types of substrate can be applied to the present
invention. For example, the substrate body 10 can be a PCB
(Printed Circuit Board), a flexible substrate, an aluminum
substrate, a ceramic substrate, or a copper substrate.

Moreover, the light-emitting unit has at least one first light-
emitting module 2a for generating a first color temperature
and at least one second light-emitting module 25 for gener-
ating a second color temperature. The first light-emitting
module 2a has a plurality of first light-emitting chips (such as
LED chips) 20a electrically disposed on one of the chip-
placing areas 11 of the substrate unit 1, and the second light-
emitting module 25 has a plurality of second light-emitting
chips (such as LED chips) 205 electrically disposed on the
other chip-placing area 11 of the substrate unit 1. In other
words,

In other words, designer can plan at least two predeter-
mined chip-placing areas 11 on the substrate unit 1 in
advance, so that the first light-emitting chips 20a and the
second light-emitting chips 205 can be respectively placed on
the two chip-placing areas 11 of the substrate unit 1. In the
first embodiment, the first light-emitting chips 20a and the
second light-emitting chips 205 are respectively electrically
disposed on the two chip-placing areas 11 of the substrate unit
1 by wire bonding.

Furthermore, the frame unit 3 has at least two annular resin
frames 30 surroundingly formed on a top surface of the sub-
strate body 10 by coating. The two annular resin frames 30
respectively surround the first light-emitting module 2a and
the second light-emitting module 25 in order to form at least
two resin position limiting spaces 300 above the substrate
body 10. In addition, the two annular resin frames 30 are
selectively separated from each other or connected with each
other, and the two annular resin frames 30 are disposed on the
substrate body 10 in parallel, according to different require-
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ments. In the first embodiment, the two annular resin frames
30 are separated from each other by a predetermined distance,
and the two annular resin frames 30 are disposed on the
substrate body 10 in parallel.

Each annular resin frame 30 has an arc shape formed on a
top surface thereof. Each annular resin frame 30 has a radius
tangent T and the angle 6 ofthe radius tangent T relative to the
top surface of the substrate body 10 is between 40° C. and 50°
C. The maximum height of each annular resin frame 30 rela-
tive to the top surface of the substrate body 10 is between 0.3
mm and 0.7 mm. The width of a bottom side of each annular
resin frame 30 is between 1.5 mm and 3 mm. The thixotropic
index of each annular resin frame 30 is between 4 and 6, and
each annular resin frame 30 is a white thermohardening resin
frame (opaque resin frame) mixed with inorganic additive.

The method for forming each annular resin frame 30
includes: first, surroundingly coating liquid resin (not shown)
on the top surface of the substrate body 10. In addition, the
liquid resin can be coated on the substrate body 10 by any
shapes according to different requirements (such as a circular
shape, a square or a rectangular shape etc.). The thixotropic
index of the liquid resin is between 4 and 6, the pressure of
coating the liquid resin on the top surface of the substrate
body 10 is between 350 kpa and 450 kpa, and the velocity of
coating the liquid resin on the top surface of the substrate
body 10 is between 5 mm/s and 15 mm/s. The liquid resin is
surroundingly coated on the top surface of the substrate body
10 from a start point to a termination point, and the position of
the start point and the position of the termination point are the
same. Furthermore, the method further includes: hardening
the liquid resin to form an annular resin frame 30, and the
annular resin frame 30 surrounding the light-emitting chips
(20a or 205) that are disposed on the chip-placing area 11 to
form a resin position limiting space 300 above the substrate
body 10. In addition, the liquid resin is hardened by baking,
the baking temperature is between 120° C. and 140° C., and
the baking time is between 20 minutes and 40 minutes.

Moreover, the package unit 4 has at least one first translu-
cent package resin body 40a and at least one second translu-
cent package resin body 405 both disposed on the substrate
body 10 and respectively covering the first light-emitting
module 2a and the second light-emitting module 25. The first
translucent package resin body 40a and the second translu-
cent package resin body 405 are limited in the two resin
position limiting spaces 300. In addition, the top surface of
the first translucent package resin body 40a and the top sur-
face of the second translucent package resin body 405 are
convex surfaces.

In the first embodiment, the light wavelengths of each first
light-emitting chips 20a and each second light-emitting chip
205 can be between 400 nm and 500 nm.

In addition, each first light-emitting chip 20a is a blue
light-emitting chip, the first translucent package resin body
40qa is a phosphors with a first color, and light beams gener-
ated by the blue light-emitting chips pass through the first
translucent package resin body 40a for generating yellow
beams about 3500+500 color temperature. Moreover, one
part of the above-mentioned elements is combined to form a
first light-emitting structure N1 that is composed of the sub-
strate body 10, the first light-emitting chips 20a, the annular
resin frame 30 and the first translucent package resin body
40aq.

In addition, each second light-emitting chip 205 is a blue
light-emitting chip, the second translucent package resin
body 405 is a phosphors with a second color, and light beams
generated by the blue light-emitting chips pass through the
second translucent package resin body 405 for generating
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white beams about 6500+500 color temperature. Moreover,
one part of the above-mentioned elements is combined to
form a second light-emitting structure N2 that is composed of
the substrate body 10, the second light-emitting chips 20q, the
annular resin frame 30 and the second translucent package
resin body 404.

Hence, the first light-emitting structure N1 can generate
yellow light and the second light-emitting structure N2 can
generate white light, and the yellow light and the white light
can be mixed to increase color render index. In addition, the
first light-emitting structure N1 and the second light-emitting
structure N2 can respectively generate “red light and white
light” or “red light and green light”.

Furthermore, the first light-emitting structure N1 and the
second light-emitting structure N2 can share the substrate
unit 1 as shown in the first embodiment or use different
substrate units. The first light-emitting structure N1 and the
second light-emitting structure N2 are combined to form the
light-mixing type LED package structure M of the present
invention.

Referring to FIGS. 2A and 2B, the second embodiment of
the present invention provides a light-mixing type LED pack-
age structure M for increasing color render index, including:
a substrate unit 1, a light-emitting unit, a frame unit 3 and a
package unit 4. The light-emitting unit has at least one first
light-emitting module 24 for generating a first color tempera-
ture and at least one second light-emitting module 24 for
generating a second color temperature. The difference
between the second embodiment and the first embodiment is
that: in the second embodiment, the two annular resin frames
30 are connected with each other in parallel.

Referring to FIGS. 3A and 3B, each annular resin frame 30
can be a phosphor resin. In other words, phosphor powders
can be selectively add to each annular resin frame 30 accord-
ing to different requirements in order to decrease dark bands
that are generated between the first translucent package resin
body 40a and the second translucent package resin body 405.

Referring to FIGS. 4A to 4C, the substrate body 10 has a
substrate 10a and a conductive unit 106 disposed on the
substrate 10a. The conductive unit 105 has at least one first
conductive element A, a plurality of second conductive ele-
ments B and at least one third conductive element C. The first
conductive element A, the second conductive elements B and
the third conductive element C are separated from each other.
In other words, the first conductive element A, the second
conductive elements B and the third conductive element C are
separated from each other are mated with each other, but they
do not contact to each other. In addition, the conductive pads
P, the first light-emitting chips 20a and the second light-
emitting chips 205 are selectively disposed on the conductive
unit 105. The first conductive element A, the second conduc-
tive elements B and the third conductive element C do not
contact to each other, so that the first light-emitting chips 20a
and the second light-emitting chips 205 may be selectively
lighted up to show a light-emitting area of different size
according to different requirements.

Moreover, the at least one first conductive element A has a
first fishbone extending portion Al. Each second conductive
element B has a second fishbone extending portion B1, a first
connection portion B2 extended outwards from one end of the
second fishbone extending portion B1 and a first fishbone
opening B3 passing through the first connection portion B2.
The at least one third conductive element C has a second
connection portion C1 and a second fishbone opening C2
passing through the second connection portion C1. The first
fishbone extending portion Al is received in the first fishbone
opening B3 of first one of the second conductive elements B,
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the second fishbone extending portion B1 of last one of the
second conductive elements B is received in the second fish-
bone opening C2 of the at least one third conductive element
C, and each second fishbone extending portion B1 of the other
second conductive elements B is received in each first fish-
bone opening B3 of the adjacent second conductive element

In addition, the first conductive element A has a first outer
extending portion A2 substantially parallel and extended
towards the third conductive element C. The third conductive
element C has a second outer extending portion C3 substan-
tially parallel to the first outer extending portion A2 and
extended towards the first conductive element A.

Referring to FIG. 4C, each first light-emitting chip 20« has
a positive electrode and a negative electrode respectively
disposed on the top surface of each first light-emitting chip
20a, so that the positive electrode and the negative electrode
of'each first light-emitting chip 20a are electrically connected
between two conductive pads P by two conductive wires W.
Each second light-emitting chip 205 has a positive electrode
and a negative electrode respectively disposed on the top
surface of each second light-emitting chip 204, so that the
positive electrode and the negative electrode of each second
light-emitting chip 206 are electrically connected between
two conductive pads P by two conductive wires W.

Referring to FIGS. 4D and 4E, each first light-emitting
chip 204 has two electrodes S respectively disposed on the top
surface and the bottom surface of each first light-emitting
chip 20q, so that one electrode S on the top surface is electri-
cally connected to one conductive pad P by a conductive wire
W and another electrode S on the bottom surface is electri-
cally connected to another conductive pad P by a conductive
body b such as solder ball. The method of electrically con-
necting each second light-emitting chip 206 with the conduc-
tive unit 105 is the same as the method of electrically con-
necting the each first light-emitting chip 20a with the
conductive unit 105.

In conclusion, one light-emitting module with high color
temperature and another light-emitting module with low
color temperature both are connected each other in parallel in
order to create the light-mixing type LED package structure
with high color render index.

Furthermore, the present invention can form an annular
resin frame (such as an annular white resin frame) with any
shapes by coating method. In addition, the position of a trans-
lucent package resin body such as phosphor resin can be
limited in the resin position limiting space by using the annu-
lar resin frame, and the shape of the translucent package resin
body can be adjusted by using the annular resin frame. There-
fore, the present invention can apply to increase light-emit-
ting efficiency of LED chips and control light-projecting
angle of LED chips. In other words, the translucent package
resin body is limited in the resin position limiting space by
using the annular resin frame in order to control the usage
quantity of the translucent package resin body. In addition,
the surface shape and the height of the translucent package
resin body can be adjusted by control the usage quantity of the
translucent package resin body in order to adjust light-pro-
jecting angles of the white light beams. Moreover, the blue
light beams generated by the LED chips can be reflected by an
inner wall of the annular resin frame in order to increase the
light-emitting efficiency of the LED package structure of the
present invention.

The above-mentioned descriptions merely represent solely
the preferred embodiments of the present invention, without
any intention or ability to limit the scope of the present inven-
tion which is fully described only within the following
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claims. Various equivalent changes, alterations or modifica-
tions based on the claims of present invention are all, conse-
quently, viewed as being embraced by the scope of the present
invention.

What is claimed is:

1. A light-mixing type LED package structure for increas-
ing color render index, comprising:

a substrate unit having at least one substrate body and at
least two chip-placing areas formed on the at least one
substrate body;

a light-emitting unit having at least one first light-emitting
module for generating a first color temperature and at
least one second light-emitting module for generating a
second color temperature, wherein the at least one first
light-emitting module has a plurality of first light-emit-
ting chips electrically disposed on one of the chip-plac-
ing areas of the substrate unit, the at least one second
light-emitting module has a plurality of second light-
emitting chips electrically disposed on the other chip-
placing area of the substrate unit, and each first light-
emitting chip and each second light-emitting chip are
blue light-emitting chips;

a frame unit having at least two annular resin frames sur-
roundingly formed on a top surface of the substrate body
by coating, wherein the at least two annular resin frames
respectively surround the at least one first light-emitting
module and the at least one second light-emitting mod-
ule in order to form at least two resin position limiting
spaces above the substrate body; and

apackage unit having at least one first translucent package
resin body and at least one second translucent package
resin body both disposed on the substrate body and
respectively covering the at least one first light-emitting
module and the at least one second light-emitting mod-
ule, wherein the at least one first translucent package
resin body and the at least one second translucent pack-
age resin body are limited in the at least two resin posi-
tion limiting spaces.

2. The light-mixing type LED package structure according
to claim 1, wherein the substrate body has a circuit substrate,
a heat-dissipating layer disposed on a bottom surface of the
circuit substrate, a plurality conductive pads disposed on a top
surface of the circuit substrate, and an insulative layer dis-
posed on the top surface of the circuit substrate in order to
expose the conductive pads.

3. The light-mixing type LED package structure according
to claim 1, wherein the at least one first translucent package
resin body is a phosphors with a first color, and light beams
generated by the blue light-emitting chips pass through the at
least one first translucent package resin body for generating
yellow beams about 3500+500 K color temperature, wherein
the at least one second translucent package resin body is a
phosphors with a second color, and light beams generated by
the blue light-emitting chips pass through the at least one
second translucent package resin body for generating white
beams about 6500+500 K color temperature.
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4. The light-mixing type LED package structure according
to claim 1, wherein the light wavelengths of each first light-
emitting chips and each second light-emitting chip are
between 400 nm and 500 nm.

5. The light-mixing type LED package structure according
to claim 1, wherein the first color temperature generated by
the at least one first light-emitting module is smaller than the
second color temperature generated by the at least one second
light-emitting module.

6. The light-mixing type LED package structure according
to claim 1, wherein the at least two annular resin frames are
phosphor resins.

7. The light-mixing type LED package structure according
to claim 1, wherein the at least two annular resin frames are
selectively separated from each other or connected with each
other, and the at least two annular resin frames are disposed
on the substrate body in parallel.

8. The light-mixing type LED package structure according
to claim 1, wherein each annular resin frame has an arc shape
formed on a top surface thereof, each annular resin frame has
a radius tangent and the angle of the radius tangent relative to
the top surface of the substrate body is between 40° and 50°,
the maximum height of each annular resin frame relative to
the top surface of the substrate body is between 0.3 mm and
0.7 mm, the width of a bottom side of each annular resin
frame is between 1.5 mm and 3 mm, the thixotropic index of
each annular resin frame is between 4 and 6, and each annular
resin frame is a white thermohardening resin frame mixed
with inorganic additive.

9. The light-mixing type LED package structure according
to claim 1, wherein the substrate body has a substrate and a
conductive unit disposed on the substrate, the conductive unit
has at least one first conductive element, a plurality of second
conductive elements and at least one third conductive ele-
ment, the at least one first conductive element, the second
conductive elements and the at least one third conductive
element are separated from each other, and the first light-
emitting chips and the second light-emitting chips are selec-
tively disposed on the conductive unit.

10. The light-mixing type LED package structure accord-
ing to claim 9, wherein the at least one first conductive ele-
ment has a first fishbone extending portion, each second con-
ductive element has a second fishbone extending portion, a
first connection portion extended outwards from one end of
the second fishbone extending portion and a first fishbone
opening passing through the first connection portion, the at
least one third conductive element has a second connection
portion and a second fishbone opening passing through the
second connection portion, the first fishbone extending por-
tion is received in the first fishbone opening of first one of the
second conductive elements, the second fishbone extending
portion of last one of the second conductive elements is
received in the second fishbone opening of the at least one
third conductive element, and each second fishbone extend-
ing portion of the other second conductive elements is
received in each first fishbone opening of the adjacent second
conductive element.



